they therefore may require some additional mechanism to control proliferation of the remaining organisms.
Microbicidal activity is generally considered the mechanism by which neutrophils directly participate in the in vivo resolution of infections (1, 7, 13) . However, neutrophils have recently been found to have significant in vitro growthinhibitory capacity against a variety of microorganisms as well (4, 5, 9) . This microbistatic activity appears to be distinct from that of macrophages (2) and from the usual microbicidal mechanisms of neutrophils in that it resides in the cytoplasm of these cells (4, 5) and is present in active form in abscess fluid supernatants (10) . Since inflammatory cells may sometimes not be able to kill all invading pathogens promptly, we have previously postulated that some form of microbial growth control, such as this microbistatic protein, may be necessary to prevent the remaining organisms from proliferating and overwhelming the host (8) . On the other hand, most infections begin with relatively small inocula, so it is possible that the microbicidal activities of infiltrating leukocytes may be able to eliminate the organisms rapidly enough to prevent their proliferation. In the present study we have evaluated in vivo candidacidal activity in experimental subcutaneous Candida albicans infections in mice in order to determine for different numbers of infecting organisms whether growth control of unkilled microorganisms might be needed for the defense against tissue infections with relatively small numbers of this organism.
The strain of C. albicans used in these studies was originally obtained as Groups of inoculated mice were killed 3, 10, and 21 days after inoculation, at which time the entire abscess, with surrounding skin and underlying muscle, was excised, fixed in 10% buffered formalin, and embedded in paraffin for sectioning. The resulting sections were stained with periodic acid-Schiff stain and examined microscopically to evaluate the morphology of the abscesses and their contents. For each of the inocula studied in this manner, slides from four to six subcutaneous infections were examined for each of the three time points. The numbers of live organisms present in the abscesses were estimated by removing all of the involved subcutaneous tissue under the injection site, grinding it with saline in a mortar with a pestle, and plating appropriate dilutions of the resulting suspensions on neopeptone-glucose agar. The plates were incubated at 37°C, and the resulting colonies were counted 24 h later. The abscess fluids were dispersed in 1 ml of normal saline, and the numbers of leukocytes in the resultant suspensions were determined by counting in a hemacytometer. These specimens did not undergo grinding in a mortar with a pestle as did those used for determination of CFU. By using the technique described above, injection of C. albicans yeast leukocytes in the abscess fluids, whereas smaller inocula did not ( Table 1) . Cultures of homogenized tissues from the infected sites generally revealed growth of C. albicans, even with the smaller inocula. The numbers of colonies obtained on culture at 1 and 4 days after inoculation generally represented a percentage of the original number of organisms injected, except that proportionately larger numbers of colonies were obtained for the two smaller inocula (Table 2) . Colony counts exceeding the number of organisms injected were obtained at day 4 for 5 of the 8 infected sites where 101 organisms were injected and for 6 of the 10 sites where 102 organisms were injected. The subcutaneous infections produced with the larger number of organisms (108) began to drain to the skin surface as early as 5 or 6 days after inoculation; however, those produced with smaller numbers did not show evidence of drainage (Table 3) . Drainage of the abscesses continued for some time afterwards, with resolution of the infections apparently occurring by about 14 days after inoculation, as judged by visual inspection. However, when the sites were cultured at 21 days after inoculation, many were still found to contain small numbers of viable organisms (for the inoculum of 103 organisms, six of eight sites were positive, with a mean + standard error of 896 ± 762 CFU, compared with the inoculum of 108 organisms, for which four of eight sites were positive, with 732 + 529 CFU; data were from two sites each in four animals for each dose, with the animals injected on different days). In these studies, an experimental murine model of subcutaneous C. albicans infections was used to evaluate the efficiency of in vivo candidacidal mechanisms in the normal host, particularly for situations in which only small numbers of viable organisms are introduced into the tissues. It was found that inocula of 106 organisms or more elicited significant leukocyte infiltration, development of palpable abscesses, and spontaneous drainage of inflammatory exudates containing organisms from the infected tissues, whereas smaller inocula did not. It appears that the chemotactic stimuli in the latter infections were insufficient for abscess formation. Viable organisms were generally found at the infected sites even with small inocula and for up to 21 days after inoculation, indicating that the in vivo candidacidal mechanisms are clearly not capable of rapidly killing the organisms in these infections.
Previous work with this model system has demonstrated significant proliferation of the organisms in both subcutaneous tissues and kidneys in leukopenic animals (11) . In addition, C. albicans has previously been shown to be capable of significant proliferation in homogenized dermis from normal animals (3), as well as in the intact dermis of leukopenic ones (3, 4) . Therefore, with the persistence of viable organisms observed in the present study, one might expect very large numbers of progeny to be produced in the absence of some means to control their growth. Although it is possible that the leukocyte microbicidal processes managed to kill all of these progeny, it would seem more practical for the host to have some way of preventing their development. Indeed, previous studies with this system indicate that proliferation of the injected yeast cells into multicelled filaments does begin in normal animals but then progresses much more slowly than in leukopenic ones (11) . The mechanism by which neutrophils prevent proliferation of microbial cells appears to be entirely separate from the processes used by these cells to kill pathogens. The microbistatic system requires disruption of the cells to release calprotectin, the apparently responsible protein, from their cytoplasm (4, 5, 9, 10, 12) . Calprotectin probably functions by depriving microorganisms of the zinc they need for enzymes involved in cell division, although it is also possible that this protein works through a different mechanism and is merely inactivated by zinc (6, 10, 12 
